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in two dirvsctions at

“

o

A
* . o

s

Chemicsl reactlions Irequently

blem. tIﬂ chemistev tHtwo general forces,

dancy howurd maximin dizorder and the

in the lowsszh shate, glves riss

briam. Thus a2 in your study of chemistry

all chemical reactions
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a3 though states of équilibrium.didn't exist.

Unon the completion of this LAP you will bes able
to uncerstand what huappens when substances react
a3 Lo speed, properties of a System znd thé
notentials This will gilve you a

of Elsctro-
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' BEHAVIORAL OBJECTIVES

. cay AT WE e alyb o iy
After completing your program of study, you will be abts Lo

I. Define
1. Kinetic Thesry

2. Catalyzt and tyvpes

M 'P‘.-: N Rl e T R R ]

b nermocynamiucs

)y Tndothiaralc ¢
). LNADLASTMLC

o~ - o s

“3e LXoTnarmL e

H. lontzation consztant and sgullibriuvm constsnt:
7. Solubiltity product

1T, Contrast peositive enthalny changes with negativs enthalpy

1T, Zxolain how free ensrgy relates to enthalpy and entrophy

IV.  Wrivs enuations shoving reactions going to completion and

i

155}

equilib?lum rescticns., .
V., HName and verify 6 lectors uffecting the rates of reactions.
VI. . I1llustrate thé 3 kinds of resctions that go to completion.
VII. State the Law of ¥ass Action and be sble to apwly this law
To the Zaullibrium constant.
VIII. =apnly the princinle of Le Chatelier to various kinds

of equilibriumn.
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(Must be .done by all students)
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1. “Inveétigate Hess{s‘Law “hat analogy could you give

forvfhis law?

2. drite a pardgraph on the life of Henvi Hess

2
&,

3. ,drite a paver explsining the Hess Law

e

ly. Diasgram %Yess's Law
{ .
3. Demonstrate Kinetics by showing the rate on nature of
rmactants by mixing .10m Fesoa with acidified .002m

KMNO_M.
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FAPTARIMENTS
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1Meny s

“xnerimental Chemistry.

Chenical Kinetics pn. 121

" Chemical Equilibrium po. 127

Ox!dation Potentials pp. 135

Mesasuring the Potentials of

Flectrochemical Cells rp. 239-240
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science

1. The beanch o concerned with thevelocity
o chemical

roantions

Yy

substenas wsed to change the rate of & chemical

The by of sciencs

concerned with heat and

enargy

mezchanical

0

4 echemic2l reasction involving the absorrption of

-
hsut )
1. what xind of change is a healt content change?
o 0 gymbol is used torepresent any enthalpy change?

-

4
large amount of heat

iz 8:1d to be exothsrmi

what 1s this type of

ertiia luv?

wich 3

A reaction shzorbs large smounts heat and
' :

ganerslly mast bs hested has what type enthalpy?

negative free proceed?

energy change

4. AN is used to represent enthalpy what does the 4

Tormula that vroves that free energy is

enthalyy and entrorhy.
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3. *hy dees the frae energy decreass In 2 spontaneous

Lreactdont . ”
e vhoat 13

Joal IV. Tell if the following reactiong go to comuletion.
: (arnzwver ves or Ng¢)

L. SE0y o 30.
D000 N L0, wemel, HD e A0
LT Tty
£ :
oY, + EBr(511ute) —e——dy NaCl + KCL+ NaBp

i

Gosl V. Mame & things thst detarmine the resction rates.
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Gozl VI.- A. Complete each of the-following reactions. Indicate
with avprorriaste arrows whether each reaction is

reversible or irreversible.

1. Fg + H 30 ———

: 2 L

2. WaOH + HCL ==t ;

3. HC_H O, + KOH mmmerh
c.

ly. Ba (x\zoq')2 +"H?_so o)

B. Explain why each cf the above reactions are re-
versible or irreversible.

1.

£

Gozl VII A, Give the 2 results.
In the Law of Mass action in reversible reactions
equilibrium when the reaction shifts toward the

formation of more products. 1.

2.

B. Give the representation for equilibrium constant.

C. Write an ecuation to represent any equilibrium

congtant.

D. Write the equilibrium expression for the production

of hydrogen iodide

o
¢ i
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Goal VIII.

4. Platinum carzlyst changes the rates of the reactions
betwean 30 and O, but it cannot shift its point of
- " S0 ‘
. (4 [ . kd
ceaquilibrium, Zxpluin in terns of Le Chateljer's

Frinciple., '
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ftATIONALE (Reason why)

In previous laps you learned fupdamental
Principles of chemistry and cha:aéterisﬁic be-
havior of hydrogsn, oxygen and water. You will
now consider & detalled descriptive chemlstry of
metals. If a metal was known that was strong and
1ight, metallic objects could function more ef-
ficiently. Iz there a metsl less dense than water?
Your stui? of metals will enable vou t0 understand

how elements are grouped in your next lap.



BEHAVIORAL OBJECTIVES:

After completing your program of study, you will be able to:
I. Define: ' |

metals alloys :

nonnetals ' corrosion

_ ‘ S B
metalloids : ~caustic

allkali metsls - reducing sgents .

hydrides ' efflorescent

deliqueceﬁt
.I7. Compare the physical and chemical properties of:
A, wmebals snd non»métals
B. grwupé of metals |
II1. Contraét the .properties of alikall metals with
alkeline earth metsls as to:
1. vuwvosition and élassification in‘tﬁe Periodic Chart
2. chemical.activity
3. chemical ﬁrepafaﬁion
L. uses |
5. o¢currehces
6. ionization and oxidation potentials
L IV, Demonstrate.ybur knowledge of metéliurgical process by naming
~ them and explaining the 6peration of each . ‘
V. Describe in Qriting4the Solvay Process inéludihg:
1. three useful equations
2. the.prodqus ahd’by nroducts
3. the raw ﬁéteriaLﬁ 
VI, Déscribe_phe flame'tests fqr 1ithiux, sodiun and potassium, and
other metals.
Q
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I. Books: !

1. '"Modern Cheniatry" - Holt, Rinehart, Winston - pp. L407-421,
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. "College Chemistry" - I

. "General Chemistry" - Selx ood - po. 2&2—261.

2
3
L. "Chemistry" - Herrill - »o. 172-176, 109, 312.
rJ
2

.  "Chemistry" - 3ienko, Plane - pp. 350-321.

IT. lagezines:

1. "Chemiatry" - March 1971 - Hegzative Hydrogen, pp. 8-11.

[
[l
(@
.

- 1 v ~° 934
s 3. 'ChpmlaJ,J - day 1971 - Magnesium, »p.

L. "Chemistry" - ruly-iugust 1971 iuﬁiam, op. 10-12.

-
—
4

Experiments:

"Experimental Chenistr
R § Q -~ !
# 34 - op. 1823-18L4
# 35 - »p. 155-188

35 - po. 189—191

IV. IMilmstrips:

'1_)

The Chemistry of Iron L5
The Chemistry. of 3teel &0F

Changing Ores 1nto£%et91 SO”

!

Chemistry of Bapon and Alwiinum

4
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2. "Chemistrg" - ipril 1971 - Cesiuxn Promerties of Puns, pg. 25.



Selffﬁvaluation Test
Lap }j2 - Chemistry II
I. Select the letter of the correct answer.
GOAL 1. The unusual physical property of the alkali metals is their
(a) luster (b) electrical conductivity (c) softness
(d) heat conductivity
2. The strongest reducing agent of the followins is (a) Na
(b} Li (e) Cs (4) Fr
3, Non—sparking alloys are compoéed of copper and (a) beryllium
{b) tagnesium (e¢) caleium (4) st?ontium
L. Compounds of the slkaline eart@ metals which contain the
H ion are (a) acids (b) hﬁdrates, (é) hydroxides
{4} hydrides

Wien vare. none of the alkall metals has (a) metallic lustbter

\F
[ 3

{b) low density {c) high meeting point (d) high electrical
. econductivity

6. Among the following, the best reducing agent is (a) cesium ¢
(b) potassium (c¢) sodium (d4d) lithium

7. Alkalil metals are obtained from their molten chlorides by
(a) reduction with copper fb) reduction with electricity
{(c) the Downes process (d) the soda 1iﬁe process

8. Members of Group IA on the périodic chart are known as alkali
metals because they form {(a) strong bases (b) Beyhsted-Lowry
bases {c) soluble salté {(d) efflorescent salts

II. 1. Metallic properties are determined by (a) the number of

neutrons (b) the number of protons (c)-thg number of electrons
() the number of free slectrons

2. The most common crystalline structure of metals is (a) tetra-

gonal (b) rhombohedral (c) orthorhombic (d) c¢losest-packed.




Self-Bvaluation Tegt (con't)

3.

10.

III. 1.

Whickh of the following elementna would be the best protecting iron

against corrsion? (a) tin (b) copper (c) silver (4} chromium

Column VI A on the Periodic Chart contains Ya) Mostly metals

(b) only geses (c) mostly non-metals (d) eight electrens in the
A - y

~ouber level

—

Non-metals are found in the periodic table at the (a) top right

(b) bottom right (c) bottom left (&) center top

3elect Lhe non-metal from the following (a) sodium (b) sulfur

g

{c) silver (4) magnesium

The ionization potentials of metals are (a) relatively low
(bY relatively high (c) vary from element to element (d) never

vary

The number of valence electrons usually found in the outer shells

of non-metals are {(a) 1 to 2 (b) 1 to 3 (c) 3 to L4 (d) 5 to 7

silicon is an example of a (a) metal (b) non-metal (c) metalloid
(d) alloy

The most metallic elements are found on the Periodic Chart in’
() lower right hand corner (b) lower left hand {c) upper right
hand corner (d) upper left hand corner

Cesium, which loses electrons easily-is used in (a) anti-knock
gasoiine (b) photoelectric cells (c) photographic dark room

lamps (d) tempering metals.
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Complete the following on ths Solvay Process.

The deliquescencs of sodium hydroxide mezkes it useful as a

’

. wvsducing agent (b) oxidizing agent (c) hydrogenating

agent  (d) drying

o oagent

Group II i cosmounds are usu2lly redueced to their respective metals

by __« (&) neating (b) elechrolysis (c) resctions with
carbon  (d) rezchtions with waoter
The most abundant metal in the e”“iﬁ'" crust is .

(a) iron (b)) aluninua (c) boron (&) silicon

The two most comion n2lkzli metals are . (a) Lithium

and Auridiam  (2) Sodium s2nd Potassium (d) Calcium and
Potaasiam

In the alloying of alkaline-earith mebtals, aluminum, zinc and
manganese are used to increaze the structural strength of

<

#hat 1s the mosh common method of preparing the alkali metal

3

) magnessiwa  (b) sodium  (2) barium (&) berylbiun

elements’

W'l'ld. v

3 the moat ecconomical nroduction method for barium and

strontium?

~ . . I
Name ths %wo comnounds that are essential in the Hall-Heroult

Process. A

t

The only by-product of the entire process is

The first by-product of the 3olvay Frocess is




Self-Evaluation Test

3. shat two raw materizls are uszd in the 3olvay Process?

o

o

L. “nat is the most important mannmfactured compound of sodium?

.:{. .

3.

5. What are the two basic row zia'erinls wzsd in the 3olvay
’rocesas?

6. Hve Lre finsl balancad eqguaation in the Scolvay Frocess.

VI. Varimas elesenhz impart characteristic colors to & coleorless gas
GOAL flame when smsll zmounts of their compounds are heated in the
flame. In the space a2t the right, describe the flame-test
color of the elements listed.

1. Lithiua

2. Sodium
3, Poteszium

=
=¥
]
o
He
jo N
}—h
&
=

5. Cesiwn

5. Calcium

Te Strontium

8. Barium

ERIC
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Advar.ced 3tudy

Txplain the deviations from the diagonal rule for the elec-

u

tron configurations of Molybdenum, Palladium, and Gadolinium.

£

xplain the deviations fron the diagonal rule of the electron

configurations of Thoriua, Curiwa: 2nd Gold.

Pradict all poasible valences for the following elements and

give your evidence zrgon, alumisum, antimony, bromine and

Predict all rossible vzlences For the fo
give your =2vidence: 3odiun, silicon, uraniwa, cerium, and

cobalt,

2. Jhot property of metelloids has lsd to their use in transis-
tors?
b. Lithium is frecquently listed as more reactive than sodiun,

contrary to predictions. Find out why.

—

&
Mendeleev made predictions about fiverelements in addition to

Germanium. IMind out what these elements were and how accurate

his predictlions were.
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Where there are three men walking together,
one or the other of them will certainly
be able to teach me something.
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Rationale {Reason Why)

You have observed changes taking place around you
everyday such as, iron rusting, wocd burning, and ice
melting. Are these merely vhase changes or chemical
changes in which new substances are formed? Chemicsal
reactiong can e expressed qualifatively (words) or
quantitatively (numbsrs). Thé fundamental knowledge of
chemistry has been bullt upon careful guantitative analy-
sis of substances, In this Lap you will study the quanti-
tative relationships implied in chemical reactions as well
as the forces holding atoms together, Stoichiometry is
Important from commercial and industrial standpoints be-
cause it is possible to calculate actual amounts of re-
acting materials needed to produce specified amounts of
products. In a later Lap on Kinetids, Equilibrium and

Blectrochemistry you will apply quantative relationships.



STOICHIOMETRY
Lap 39 - Chemistry II

BEHAVIORAL OBJECTIVES:

After consultcing your resources you will:
0BJ. I - Write on paper the three classes of stoichlometric
relationships.
0BJ:- 1 II -~ Write the two general steps in solving any stoi-
chiometric problem. | |
0BJ. III - Make application of the efficiency of the mole
method in solving problems in stoichiometry.
0BJ. IV - List the important steps in the mole method.
oﬁJ_ V -« Determine the weight of oﬁe mole of a substancs
when given the formula.
0BJ. VI - Solve weight-weight, weight-volume and volume-
volume problem. |
OBJ. VII - Determine in the laboratory the mass or volume
of a product produced in a given chemical reaction

by the mole method.



2 - ' RESQURCES

I. Books: |
1. Chemistry - Sienko and Plane - pp. 103-132.
2. Chemistry - Merrill - pp. 293-305, pp. 288-290.

3. Modern Chemistry - Holt, Rinehart, Winston - pp. 118-120,

4. Chemistry - Silver Burdette - pp. 65-67, 70, 75-80, 88-89,
5. Fundamental Concepts (Paper back) - pp. 194-196, 197-207.

II. Experiment #9 - pp. 69-72.

III. Problems - Lab Manual - pp. 97-98 - Problems D, E, F, H,
and Je.




Self-Evalua#ion
0BJ. I 1. Name the 3 classes of stoichiometric relationships.

e

b.

C.

OBJ. VI 2. How many liters does one mole of any gas at STP occupy?

OBJ V., 3. Find. the weight of one mole of sulfuric acid (Hy S04).

(atomic weight of Hydrogens=1l, sulfur=32, oxygen=16)

OBJ. IZ 4. List the 2 general steps in solving any stoichiometric problem

a.

b.

oBJ. VII, 5. Iron (Fe) burns in air to from a black, solid

oxide (Fe3 04).

a, Write the equation for the reaction

b. How many moles of oxygen gas are needed to burn .

one mole of iron?

OBJ. VII 6, Howxmany liters of hydrogen at STP can be produced from the

action of 6.5 grams of zinc with hydrochloric acid?

a. Write the balanced equation

b. Ekpress the weight (6.5g) of zinc in moles

¢, How many moles of hydrogen gas does one mole of zinc yield?

d, How many liters of hydrogen is produced by 6.5 grams of zinc reacting

completely?




0BJ. yr1r 7. How many liters of oxygen are required to burn
10 liters of methane (CH4)?

a, Write the balanced equation'

b. How many moles of methane\are in the 10 liters?

¢, How many moles of oxygen?

d. How many liters of oxygen?

OBJ. VII, 8. How many grams of NaZSOA are formed from the

reaction of 2 grams of NaOH with H2504?

a. Write the balznced equation

b. 2 moles of Na OH produce how many moles of

N32804?

c. How many grams of Nazso4 are formed?

0BJ. III, 9. Why is the mole method an efficient way to solve

problems in stoickiometry?
O0BJ. IV 10, List the 5 key steps in the mole method

a.

b.

Cos

d.




ADVANCED STUDY

1. Investigate and make a written report on the
part played by Cannizaro in gaining acceptance

for Avogadro's Principle.

a. Determine the mass of one liter of acetylene

(CoHp) under standard conditions.

b. Determine the volume of air neéessary for the
complete combustion of 100 liters of ethylene

(CZHM)’ which results in the formation of car-

bon dioxide and water.
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BEHAVIQRAL OBJECTIVES:

Goal
Goal

Goal

Goal

Goal

Goal

Goal

Gozal

After completing the program of study you will:

I:
IT:
IIT:

VI:

VII:

VIII:

List and define the four quantum numbers.
Label sub-shells for each energy level.

State the maximum number of electrons each shell and
each sub-shell can hold.

Make a chart showing the sub-shells of each energy
level from the lowest to the highest.

For each of the first thirty-six elements on the
Periodic Chart write the valence determination.

Write the electron configuration for the first thirty-
six elements on the Periodic Chart.

Construct the three P type orbitals on one set of axes
by using 1/8 inch dowels and clay.

Draw orbital and dot notations for any given element.



Resources ¢

I. Readings

A, Books

1, "Chemistry" Sinko and Plane pp. 50-78

2. "College Chemistry" Frey pp. 38-43

3. "Modern Chemistry"‘ Feffner pp. 386-400

4, "Concepts in Chemistry' Greenstone pp. 42=47

5, "Chemistry" Merrill pp. 144-153

6. "General Chemistry'" Selwood pp. 25-29

7. "Chemistry" Choppin,Jaffe, Summerlin, Jackson pp. 208-229

8. "Chemistry" Cotton and Lynch pp. 158-185

B. Charts
1. Atomic Energy Level Chart

2. Periodic Chart

€. Transparency

Eye~Gate Energy Levels 003-11

D, Filmstrip
Electron Arrangement and Chemica1 Bond

No. 9087 . EB




Self—E{raluation Energy Levels A, Section B

Goal I 1. Name the 4 quantum numbers a.

b.

Cc.

d.

Goal IT 2, Complete the following chart by filling the maximum

ITI. IV number of electrons for each subshell and the total

for each energy level.

Energy Level Sublevels
S P D F Total
1st or K L
2nd or L . L
3rd or M
4th or N

—

Goal III 3, Give the maximum number of electrons for the following

a. 2s

b. 3 p

c. 4d

d. 3d

e. 58

f. 6p

g. 4f

h. 7s

Goal VI 4. Write the electron configuration for the following:

a. Potassium(19)

b. copper (29)

c. Krypton (36)
d. strontimn'(38




e,

£.

Iodine(53)

Barium (56)

VIII 5. Write the orbital notations for the following:

a.
b.
c.

d.

carbon (6)

Fluorine (9)

sodium(11)

silicon(14)

VIII 6, Make dot notations for the following:

a.

argon(18)

magnesium(12)

phosphorus (15)

chlorine(17)

manganese (25)

Goal II Diagram the electron configuration for the highest

ITI,VI
level of the following elements. Any electrons for
each of the following must be in their lowest energy
state (label orbitals)

a. Sodium Atom

b. Bromine Atom

c.
d.

€.

Krypton atom

Oxygen atom

Nitrogen atom

Goal VII. 8. Draw the probability shape fo the three 2 p orbitals.
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Lap 39 - Section

Chemistry 11 - Bonding

BEHAVIORAL OBJECTIVES:

~ After completiﬁg your program of study, you wiil be able to:
Goal I. befine:
| a. Electronegativity
b, Electron affinity
Co Ionizatién Energy
d. Polarity
&, Dipole '
‘Goal II, Namelthe types of chemical boﬁds‘and compare the types?
Goal III. Cléssify bonds as to: |
a. Poler and non polar -
b. Ionic and covalent |
‘Goal IV, Prediét’whether a bond will form between two elements or
: fadicals based on their electronegati&ifies, iohization
enefgy and electron affinity. ' |
Goal V. Define and deﬁonstraﬁe multiplé bonds.
Goal VI. Write thréé elements that generally form‘multiple bonds

and give reasons why.




RESQURCES
I. Readings:

A, Books:

1. "Concepts In Chemistry" - Gunstone, Sutman, Hollings-
worth, pp. 260-262, 102-105, 109-111, 535-575.

2. "¥odern Chemistry" - Metcalfe, Williams, Castkr,
pp. 90-92.

3. "College Chemistry" - Frey, pp. 124-126, 129, 133,
136‘137’ 377: Mog, h73, 565’ 581’ 595-

L. "General Chemistry" - Selwood, pp. 36, Ll.

5. "Chemistry" - 3ienko and Plane, pp. 76-99.

B. Booklets:
1. "The Chemical Bond" - Gerard A. Kass.
2. "General Chemistry Workbook" - Pierce and Smith.

3. "Fundamental‘Concepts of Modern Chemistry" - Amsco,
ppP. 49, L06-407, 50-51, 430, h16-417, L430.

C. Transparencies:

Eye-gate No. 003-15 - Covalent Bonding




Self-Evaluation - Section C

Goal I. Arrange the following elements in order of the increasing
I force with which the valence electrons are held: Blsmuth,
Chlorlne, Neon, Tellerium, Thallium.

'\

2.

b.

Goal II. The following pairs of atoms are all covalently bonded. Ar-
v range the pairs in order of decreasing polarity of the bonds.

a. Boron and Nitrogen

b, Carbon and Sulfur

c. Hydrogen and Selenium

d. Iodine zand Technetium

e. N¥itrogen and Oxygen

Goal ITI. Classify the bonds between the following pairs of atoms as
- III principally ionic or covalent.

a, Boron and Carbon

b. Fluorine and Silicon

c. Hydrogen and Chlorine

d. Magnesium and Nitrogen

Goal IV, Predict the number of covalent bonds between each of the
' following atoms in molecules:

2. ¥

2
. SiQ2

Ce P:‘I

Goal V. Use the table of electronegativity and predict whether each
IIT of the following is an ionic or a covalent compound.

a2, Magnesium Oxide (MgO)

b. Hydrogen fluoride (HF)

3 (con't)



Self-Eyaluation {con't from p. 2)

I1I VI.

I VII.

VIII.
II

IX.
VI

¢c. Potagssium iodide (KI)

d. Nitrogen dioxide

Predict whether each of the following covalent substances are
polar or non polar.

a, Fluorine

b. Sulfur dioxide

¢, Nitric oxide

Select the letter of the correct answer)
1. The attraction of an ztom for an electron is called:
(a) electronegativity (b} electron affinity
(c) ionization potential (d) ionization energy
| (e) sublimation energy

2. The tendency of an atom to attract electrons in a bond with
another atom 1s called:

(2) Ionization energy (b) Electronegativity
(b) Polarity (c) Electron affinity
3. A compound whose molecules are dipoles is:
(2) carbon dioxide and water (b) water and ammonia

(c) ammonia and methane (d) methane and carbon dioxide

Select the letter of the corrsct answer:

1, Electrons transfer from one atom to another in compounds
that form by: (2) covalent bonds (b) ionic bonds

2. The covalent bond between like atoms is a (a) Polar
bond {b) non polar bond

3. If two pairs of electrons are shared by two atoms, the
molecules contain (a) a double bond (b) a coordinate
covalent bond

Name three elements that generally form multiple bonds.




~

Adveznced Study - 3ection C

Read the booklet "The Chemistry of Woble Gases'" by the United

States Atomic Energy Commission.

From the booklet:

Qe

b.

Msgke graphic representatives of s and p orbitals.

Due to'evidence, name the 3 noble gases that are still inert?
Why are noble gases inert?

Write the formulas for the Xenon flurides.

Give the important uses of inert gases.

Write a paragraph on the occurence sad the production of the

noble gases,

Try to predict the bond angles of the following:

Se

b.

HTe H in HDTe

HPH in Ph

3
CPC in P (CH3)
Cl as C1l in Ac C1

3

FCF in Cl

"J.J

3

Try to predict the bond lengths of the following:

Cl-Cl in CO,
¥-H in NH3

C-N in (CH3)3 v
H-Br in HBr

C-C in CH, CH
n 3 3
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% Special Instructions

Section I - Gases
" This section should be completed in

three weeks.

Section II - Liquids
This section should be completed

within one weel.,

Section III ~ Solids
This section should be completed

within two weeks.

Total time for entire Lav is 6 weeks.




I. Rationale (Reason Why)

We usually think of rock as a solid. ¥Yet there are areas
of the earth's crust where rock is being formed from a liquid.
An example is the liquid lava that flows from a volcano during
an eruption being covled and solidifying. Agaih, we usually
think of the constituents of the atmosphere as gaseous. But
dry ice 1s carbon dioxidé in the solid state. Have you ever
seen liquid carbon dioxide? If not, why not?

We have studied bonding and how it occurs. In this LAP
we are golng to study bonded materials in all three phases
along with specirfic properiies of each phase. Some of the
propertles we will study are diffusion, surface tension, v;sggsipy
and solubility. The knowledge of these properties of the phases
will be valuable in studying equilibrium, energy kinetlcs and

1’8 chemistry of metals,




Section I Gases
Behavioral Objectives

After completing the program of instruction you will be able
to:

I. Define: Evaporation, con:'ensation, diffusion, critical
temperature and critical pressure

II. Determine the rate of diffusion of two gases according to
Graham's Law of Diffusion

IXII. Write 3 assumptions of the kinetic theory in relation to
gases '

IV. List 2 conditions necessary for liquefying a gas.
V. Identify the law and be able to solve problems using:

A. Boyle's Law: Given the pressure and the volume, find
the new volume at a new pressure

B. Charles' Law: Gilven the volume and temperature, find
the new volume at a new temperature

Ce A combination of Laws: Given the pressure, volume,
and temperature determine

1. The new volume when given the new temperature and
pressure.
2. The new pressure when glven the new volume and
tempereture.
3. The new btemperature when given the new volume and‘
pressure.
i, Gay Lussacs' Law: Given the pressure and temperature,

determine the new pressure at .a new temperature.



Resources

I. Readings ‘
1. "College Chemistry"~ Frey pp. 79-10,
2. "Concepts In Chemistry"- Greenstone, Sutman, Hollingsworth
pp. 1}6-152
3. "Chemistry"~ Sienko and Plane pp. 160-161, 133-166
4. "Chemistry"=- Smoot, Price, Barrett pp. 269-305

II. Graphic Chemistry Chert p. 5

III. Magazine~ “"Chemistry" Feb. 1971 pp. 25-29

An Exverimental Method 'to Study

Charles! Law

IV. Filmstrips~ Boyles' Law EB
Charles'! Law EB

V. Experiments "BExperimental Chemistry"

pp. 53-55 # 10 Gases and Absolute Zero

—
-

"Laboratory Chemistry" ——

PP. 135-136 #19  The Gaé Law
141-143 #20 Effect of Temperature
153-154 # 21 Diffusion of Gases




Self-Evaluation Section I Gases

Obj.
\' I. Match column B with a 1etter from column A
Column A

A. varies inversely as the pressure at constant
temperature

B. volume-temperature relationship of a gas
C. relative rates of diffusion of gases

D. Pressure exerted by s gas varying directly with
its absolute temperature

E. volume varies directly with absolute temperature

F. volume varies inversely with the pressure

Column B | -

1. Charlest Law

2. Graham Law

3. volume

- 4. Boyles Law

5. Gay Lussact's Law

Iv II. List 2 ways of liquefying a gas.
a.

b.

I 2. Deflne critical temperature

IITI. Select the letter of the correct answer:

(III) 1. Two assumptions of the kinetic theory that explains
. Brownian movement ar¢ that molecules change direction
after colliding with other molecules and that
(a) increased temperature decreases molecular motion
(b) molecules are rarely in constant motion (c) the
total kinetic energy of a gas is constant

Ly




(d) kinetic energy is inversely proportional to absolute
temperature B '

Ob]. 2. According to the kineti: theory, gas molecules have all
the following characteristics except that of: (a) moving
rapidly in random fashion (b) filling what ever space is
available to them (c) being widely separated (d) diffusing
at the same rate o

3. One of the basic assumptions of the kinetic theory is that
(a) heat has no effect on molecular motion (b) molecules
move only when struck by Alpha particles (c¢) molecular
collisions are perfectly elastic (d) the law of the Con=-
servation of energy does not apply to gases.

IV. Select the correct letter

I l. 4 liquid changes directly to a gas by
(a) condensation (b) evaperation (c) sublimation
(d) Ionization

2. The process of converting a liquid to a gas by lncreasing
the size of very small particles up to colloidal size .
(a) condensation (b) evaporation (c) sublimation.

(d) Ionization

3. The process of spreading out spontaneously to fill a space
uniformiy is (z) eguilibrium (b) diffusion (c) dispersion
(d) deviation

li. The highest temperature at which it is possible to liquefy
a gas with any amount of pressure (a) celsius temperature
(b% absolute temperature (c¢) Standard Temperature
(da) critical temperature

(II) V. Using Grahsm's Law of diffusion calculate the relative
rates of diffusion of helium and argon.
(a) Write the mathematical representation of Graham's Law

(b) The relative rate of diffusion of helium and argon are

—————————— e

(V) VI. 1. A 225 ml. volume of gas is collected at 57°C. What
volume would the sample occupy at Standard Temperature?

2. A 500 ml. sample of hydrogen is collected when the
pressure is 300mm. What volume will the gas occupy
when the pressure is 760 mm? ‘

3. A gas measures 200 ml. at 20°C and 750 mm pressure.
What will be its volume at 15°C and 735 mm. pressure?




L. & cubic foot of gas at 300°K exerts = pressure of 20 poinds
per square in Ch on a container,what pressupe will the gas
exert when the temperature increases to 00 K?




Advanced Study Section I Gases
I. A. Determine the molecular weight of a gas when 1 liter,

under standard conditions weighs 1.35 grams.

B. A sample of carbon tetra chloride vapor weighs 3.89
grams and occupies 790 CC at 100°C and 743 mm of pres-

sure. What is the approximate molecular weight ol the

Cc Cl 7
L

II. A. What properties should a gas have to make it sultable

as a refrigerant? Explain

B. Account for the cbservatlon that when a carbon dloxlide
fire extinguisher is operating, a fine c¢loud of C0o

"snow" forms.




Section II Liquids LAP L0
Behavioral ObjectiVes

After completing the program of instrué¢tion you will be able
to.
Obj. I. Define for a liquid:
' 1. volume
2. fluidity
3. non compressibility
ly. diffusion
5. evaporation
II. Relate equilibrium to phase changes:and vapor pres-
sure to.temperature and phase changes.
III. State 3 reasons for evaporation of liquids.
IV. Define and give examples of:
1. solution
2. solution equilibrium
3. liquefaction
li. colloids
5. suspensions
V. Identify all the types of solutions
VI. Write the 2 principal factors that determine solution

rate.




Resources
I. Readings '
l. "Chemistry" - Smoat, Price Barrett pp. 307-318, 221-237
2. "Médern Chemistry" Hoit, Rinehart, Winston
pPp. 161-16%
3. "Chemistry" 3ienko and Pland pp. 167-175, 207~ 211
I “Chemiétry“ Choppin, Jaffee, Summerlin, Jaksm
pp. 120-143 |

JI. Experiments
1. "Experimental Chemistry # 12 pp. 89-92
" Molecular Masg of a Condensable Vapor

Experiment #

2. "Laboratory Chemistry" # 26 |
Molecular Weight Determination by Boiling Point and
Freezing Point pp. 185-190 | .
# 28 Quantitative Determination of the solubility Constant
of a slightly soluble salt pp. 197-202

&

IIT. Tape Wollensek C-77556 Changing States of Matter

D



Self-Bvaluation Section II Liguids Lap 40
obj.
I. I. Match the letter of column A with the correct word in

in Column B

Column A

a. & property of flow 1. Evaporatlon

b. the Space occupied 2. Diffusion -
¢c. spreading out spontaneously ) | 3. Fluidity

d. unable %n occupy less space ' h. Noncompressibility__q

e. shanging of state from solid to liquid 5. volume

f. changing of ztate from liquid to gas

g. a property of solidity

(II) II. a. H.w are temperature and vapor pressure related?

b. What is the bdiling point of a .liquid, in terms
of vapor pressure?

(III) 7III. Molecules possess kinetic energy is one reason for
evaporation of liguids. Give 2 other reasons.

8.

b.

(IV) 1IV. Select .the letter of the correct
answer., , ..

1. The dissolving madium in a solution is the (a) solute
(b) suspended phase (c) solvent (d) precipitete_____
2. The physical state in which the opposing processes
of dissolving and crystallizing of a solute occur at
an equal rate (a) gaseous (b) solution equilibrium

Q (c) colloidal (d) suspension

10



(v)

(vI)

V.

3. soda . water

Gases may be liquefied by (a) cooling and decreasing
the pressure (b) cooling and then heating (c) heating
and, ﬁﬁén cooling. _

Colloid particles remain (a) temporarily in suspension

(b) tempcrarily in diffusion (c) permanently in sus-

pension (d) permanently solid.

In a suspension the particles (a) never settle out
(b) always settle out (c) seldom settle out (d) don't

all settle out

Give the state of matter for the solute and the solvent

of the following .
3olute Solvent

2. mercury in copper

li. sugar in water

VI. Name the 2 factors that determine solution rate

11



Advanced Study Section II Liquids

I. Sodium chloride is hygroscopic.. Find out why, in damp

weather, table salt may clog the holes in the shaker.

II. Try to separate a solutioh of two liquids by distillation,

with and without a fractionating column.
III. Obtain an unknown substance from your teacher and attempt

to identify it experimentally by determining its solubility

curve.

12



Section III Solids
Behavioral Objectives

ifter completing the program of instrugtion you will be able
o:
Obj. I List and define 5 properties of solids
Obj. II Classify solids according to their L types of structures
~ and give propertiss and examples of each of the i types.
Obj. III Define: |
Hygroscopic
Deliquescent
Lfflorescence
Precipltate
Crystal
Water of crystallization
Sublimation
Obj. IV. Discuss equilibrium, heat of fusion ,kinetic energy,
| and czlories in relationship to temperature and
punase changes.
obj. V. List the 6 types of crystals and demonstrate that
you anderstand the 6 types of crystals by drawing
each type and discussing the axes of each type.
_Obj. VI. Write a description of the 5 general forms of crystal

"Packing" and illustrate each with a drawing and

examples.

13




Resoureces

I. "Chemistry" Sienko and Plane (Lth Edition) pp. 155-L7L

2. "College Chemistry" Frey pp. 115-119

3. "Concepts In Chemistry" Greenstone, Suwuman, Hollingsworth
pp. 138-142

L. "Chemistry" Smoot, Price, Barrett, pp. 2L2-267

g. "Chemistry“F Choppin, Jaffe, Summerlin, Jackson pp. 149-143

6. "Crystal and Crystal Growing" Holden,3inger (paper Bacl

(Resource Center)
7. "Understanding Chemistry" Lessing pp. 110-133

II. Magazine "Chemistry" Arpil 1971

Stress collisions and constants pp. 10-12

III.Bxperiments
1. "Experimental Chemistry" # 15 Crystal Structure‘pp. 101-106

# 16 Molecular Mass from freezing
point lowering pp. 107-112

2. "Laboratory Chemistry" # 18 Hydrated Crystals pp. 129-13)

# 17 Atom arrangement in Crystals

I pr. 123-128

0




Self-Evaluation Seciion III Solids LAP 4O
obJ.

(1) I. Solids have definite shapes and volumes. List 3 other
properties of solids

(II) 1II. Complete the following on classes of solids.

Name Properties Bxample
1. 1. 1ﬂ
2. ' 2. 2.
3. 3. o 3.
. L. . L.

(III) III. Supp.y the word that best fits the definition given

a. The process by which hydrates lose moisture when
exposed to air.

b. The procesas of compounds removing moisture from
the air to form hydrates

c. The process of compounds removing enough moisture
from air to dissolve in that moisture to form a
solution.

de. A solid with a regular pattern of internal order
throughout its structure.

e. A substance, usually a sclid, which separates from
_a solution due to some physical or chemical change

f. Water that has united with some compounds as they'
crystallize from solution.

(IV) 1IV. Complete the following _
a. When the average kinetic energy of moleculzs in a
piece of matter incresases the matter becomes{hotter,
cooler)




b. Tempefature is a measure of (potential, kinetic)
energy of particles

c¢. Amounts of heat energy are expressed in (degrees,
calories)

d. The 2 measurable properties of matter used to define
a calorie are (mass and density, mass and temperature).

(V) V. Complete on Crystals

Name axes description

1. 1.

2. : 2.

3. 3.

L. L.

5. 5.

6. 6.

(VI) VI. 1. Which of the following is a type of crystal packing?

a. orthorhomic ¢c. monoclinic
b. hexagonal d. tetragonal

2. The particles in a simple cubic crystal appeez at
the
a. center of the unit cell
b. middle of each face
¢. middle of each face and the corners
d. corners

3. The face-centered cubic close packing and the
hexagonal close packing are usually found in
a. metals c. gases
b. nonmetals d. hard nonmetals

i . The body-centered cubic packing is found in
) a. magnesium c. beryllium
b. sodium d. iodine

16



. Advanced Study Section III Solids Lap 4o

I, Look up the lives of W. L. and W. E. Bragg.
Write a report on the processes they used to

determine crystal structure.

II. A. Make models of each crystal system

B. Collect crystals which illustrate each of the

three systems.

o,
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Zlectrochemistry

Chemistry II - LAP 41

Bshavioral Objectives:

I!

ERIC

Aruitoxt provided by Eic:

Demonstrate your ability to understand Coulomb's Law by
solving problems relating to the law.

Explain how Paraday's Laws gave further evidence of Dzlton's
Atomic Theory and solve problems involving the Laws.,

Explain the difference between oxidation and reduction in
terms of

a, experimental chemical behavior
b, change in oxidation number
¢. half-reaction ecustions

When givan reactants of an electrolytic process, go through
thie following vprocedures

a, Write half-cell reactions for those substances oxidized
anc. #xplain why oxidation has occurred,

b. rite half-cell reactions for those subatances that are
reduced and explain why reduction occurs.

C. Write the products and balance the eauation.

Given redox equations

a. dJdemonstrate how conservation of energy and matter is
maintained using half reactions

b. balance equations

-}

c. use ®table of oxidation rcetentials to determine the spon-
; ity of reaction
o

d. compute B total for redox reactions

a



. -

-

Goalrl. A,

Goal II. A.

elf Evaluation

[€2]

Electrochemistry, LAP L4l

Express Coulomb's Law of relationships:

write an equation to show Coulomb's Law:

30lve this problem according to Coulombfs Law:

Two electrons at a distance of 1 unit (4=1)

repel sach other with a forece of two units (£=2;.
If the distance tetween the electrons is doubled,
what will the force of repulsion he between the
two electrons?

what 2 types of cells do Faraday's Laws apply?

1,
2.

Stzte the 2 Lsws of Faraday which are the basis for
all electrochemical ceaelculations:

1.

n

Wwhat current must be used to plate two moles -of copper
on an electrode in three minutes?

A current of 10 amp. 1s passed through molten Mg Gla
for 15 minutes, between inert carbon electrodes. Give

- the reactions at the electrodes, and compute the amount

of product of each.

Rezsctions: Cathode 1.

Anode 2.



Self Evaluation - Zlectrochemistry ~ LaPF L1 con't.

weight of magnesium
weight of Chlorine
Goal III. A. Complete the following on oxidation numbers:

1. The oxidation number of an zstom of a free element

is

oo

2. The oxidation numbers of a monatcmic ion is equal
to itis

3. The algebraic sum of oxidation numbers of atoms in
the formula of a compound is

L. The exidstion number of hydrogen is usually

5. In peroxides the oxidstion number of oxygen is

6. The élgebraic sum of the oxidation numbers of the
atoms in the formula of a radicszl 1s egual to its

B, wnat is the result of an oxidation reaction?

C. In the following equations which substances are oxidized?
(left or right)
0 - +
1., ¥a - e—=>Na 1
- o] - +2
2. e -~ 2e->re
3. 2017% - 2e’~>01;
D. In the following ecuations which substances are reduced?
(left or right)
+ -
1. 7e™t + g <wa®
3 - +2
2. ite + e —~rfe
_ 0 - _ - -1
3. Br, 2e =} 2Vr

. In bslancing redox reactions the second step includes what
Lwo things?
1.

2.

G. Assign oxidation numbers to each element in the reaction
between hydrogen sulfide znd oxygen.

3




Self Evaluation

O

ERIC

Aruitoxt provided by Eic:

Iv.

H'

Al

a.

pradic

-~ Electrochemistry - LaP L1 con't.

wWri the electronic reaction fcr the oxidation panrt
- -
i

ve
th

’3’
-3
(0]
A V]
(]
¢
O

write the electronic reaction for the reduction part

of the rezctlacn. _

rree chgc is diavomil hew many cleectronsg mu

be gzined? _

1. Writs oxidation half-reacuion of 2Mg + O, - 2MphH

2. Write tie reduction half-reaction of 2Mg + 0_-3 2MgO

Balznce the oxidation-reduction equstion Cl, + i mwﬁ Cl + 1

1. write the bslanced reduction half-reaction.

“. ¥rite the balanced oxidation half-rezction.

%, oribe the total balanced redoX reaction.

Write a balsneed oxidation-reduction reaction for the

)

following: AL + g i, £
2
L

1. ¥rite the reduction part.
2. Hdrite the oxidation part.

3. Write the oxidation half-balanced.

lta drite the reduction half-bslanced.

5. “rite the total balanced redox resction.

Comnlete the followiag al and reaction

on oxidation, potenti
chion:

1. Reduction 18 the (gzain, loss) of electrons.

(:’4

2. A substance that releases electrons to other substances
easily is called o - . .
. The best reducing ageat is _ .

"he poorest reducing agent is .

- —

.

4 forward reactbion 1s an oxidation reachtion due to

o e 11y ot b t M tn 04\ w"TiE e e e Amaa st SeAmabamm B S8 e o 4R e re et pelih 8 M. i T s hab Sam Lmem
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6. The electrochemical rformula for the best reducing
agent. is

7. The electrochemical formula.for the poorest reducing
agent 1is .

L) et e vt 40 A it e e o - -

B. 3liow that the following Teaction occurs and the reverse
~ +2
does not occur. Cu + Cu + Ag

1. Write the half-reactions and obtain their voltage
Trom the electrochiemicsal serieg.

2. Jrite the half-reaction as the reaction takes place
znd salance the electronsz.

— e - [PERR — VSRS i

U S SOV SN - J -

3. Why does this resction oceur spontaneously?

[\
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Advanced Study
Ralance the following equations:

a. ,Kmnou + H2303 — ¥n sou + KHSOLL +'H230h + HEO

b. KyCrp0, + HpS0y + KT = Crp(S0) ),y + Ip + Hp0

i

c. Wi, + 05 - WO + Hy0

-

d. QSQOB + dNOq + HZO - HBASOu + NO

8. Ia + .’—{2:303 + HZO -3 HI + HQSOu
+ , +
f. H3asQy +H' + Zn - dsHy + Hy0 + 2n 2
i ..2 ) + g b ’
g. {n0, + R — Mn0, + Mnd, *+ H,0
T2 -2 +
. MnQ) + 20, + H50 -} Mn ¥ SOLL + H

Select any industrial chemical process and make a list of all
cxidation - reduction reactions which take part in the process.

Azguming wmaximun appropriate values for oxidation numbers, as-

dign foriulzs to hypothetical binary compounds for the following
rairs of elements. S

a. Pr and O e. 3r and H
b..Ba and N f« Fr and C
c. Cr and © g. Li and O
‘d. Ca and P h. Fe and 3

Make a list of three oxidation-reduction reactions that occur in
nature and three oxidation-reduction reactions that occur in the
preparation of 2 meal in 2 modern kitchen.

In reference work, study the Nernst Equation and then compute the
voltage of a cell in which one helf-cell is made witg+zinc and

1.0 ¥ Zn and the other half-cell is Zn and 0.1¥M Zn .

Compute the voltage of a cell in which one half-cell is the hy-
drogen_at a pressure of 2 atm, and the other half-cell is zinc
and 4n at 1.0 M,

s,



Advanced Study con't.

7. The storage cell is the most commonly -known source of electrical
energy for automobiles, Draw the storage cell, Tell the com-
position of the cathode and the anode. What is the electrolyte?
What are the half-reactions when the lead storage cell is dis-

charging? What is the acid content andg the approximate density

of the acid in a charged cell?




